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ABSTRACT: This 3-year study evaluated the effect of
glycerin supplementation on ewe reproductive efficiency,
blood glucose and insulin concentrations. Mature Polypay
and Rambouillet ewes (n = 225) were orally dosed with
glycerin following estrus synchronization at rates of 0, 50,
100, 200 or 300 g/hd. In year 3 an additional 16 ewes were
supplemented (SUP) with 0.57 kg of range cake for 21 days
prior to breeding. Blood samples were collected (n = 25
ewes) for 10 hours post drenching. Blood was analyzed for
insulin and glucose concentrations. Ewes were exposed to
rams for 35 days. Pregnancy was determined by
ultrasonography evaluation. Number of lambs born per ewe
exposed was not different (P > 0.10) between treatments
(TRT) in year 1 and 2. Pregnancy rates were not different
(P = 0.55) by TRT in year 3. In yr 1, a TRT x time
interaction (P < 0.01) for insulin (ng•ml-1) concentrations
was observed, with 200 g glycerin having lower insulin
than 100 g glycerin. In yr 1, glucose exhibited a TRT x time
interaction (P < 0.01); 50 g glycerin had lower glucose
(mg•dl-1) than 0 g glycerin and 200 g glycerin having lower
levels than 100 g glycerin. Glucose concentrations
exhibited a quadratic response with a peak at hr 1 and
returned to baseline by hr 7. In yr 2, insulin peaked at hr 4
and declined to hr 10. Glucose was higher (P < 0.05) for
200 and 300 g glycerin than 0, 50 and 100 g glycerin in yr
2. Glucose exhibited a quadratic response (P < 0.01) with a
peak at hr 2. Glucose increased linearly in year 3, (P < 0.01;
135.8, 176.44, 163.12, 175.12, 195.63, and 161.44 mg •dl-1
for 0, 50, 100, 200, 300 g of glycerin and SUP,
respectively). Glucose had a quadratic response (P < 0.01);
glucose peaked at hr 1 and return to baseline by hr 7. In yr
3, insulin had a treatment by time interaction (P < 0.05);
insulin peaked at hr 2, 50 and 100 g glycerin returned to
baseline by hr 7; however, 200 and 300 g glycerin did not.
Insulin (P < 0.01) increased with increasing levels of
glycerin. Glycerin changed blood glucose and insulin
concentrations; however, it did not influence reproductive
performance.

Introduction
Sheep producers expect a high percentage of
multiple births to improve their profitability. Research has
reported that flushing ewes increased the number of
offspring produced per ewe (Hulet et al., 1962). The general
purpose of flushing is to increase the number of growing
follicles, fertilized and developing oocytes, and ultimately
increase the number of offspring. Nutrition has been shown
to influence several reproductive functions, including
hormone production, oocyte competence, uterine
environment,
fertilization,
and
early
embryonic
development. Researchers have looked at the influence of
nutrition on reproduction in sheep through flushing for
several years. Numerous researchers (Torell et al., 1972;
Hulet et al.,1962; and Botkin and Lang, 1978) have shown
that flushing increased the number of lambs born per ewe.
Dietary supplements containing high energy and protein
have been reported to increase ovulation rates in ewes
(Downing et al, 1995a). Similarly, increased ovulation
rates were reported when glucose was infused intravenously
(Downing et al, 1995b; Williams et al, 1997).
Gutierrez and Co-workers (2007) reported that
sheep drenched with a minimum of 50 ml of glycerol
solution increased the number of large follicles observed on
day 0 of estrus. Rizos et al (2008) reported that feeding
propylene glycol (oral dose of 500 ml) to dairy cows
positively altered systemic concentrations of a number of
metabolic variables (insulin, non-esterified fatty acids, betahydroxybutyrate and glucose), which have been related to
fertility. However, they did not observe an effect of
propylene glycol treatment on follicular dynamics or the
length of the postpartum interval. The objective of this
research project was to determine a lowest dose of glycerin
that would improve the number of offspring in sheep.
Material and Methods
Animal Management and Treatments. All
experimental protocols were approved by the South Dakota
and North Dakota State Universities Animal Care and Use
Committees. Two hundred twenty-five mature crossbred
Polypay (year 1, n=75) and Rambouillet (years 2, n=75 &
3, n=75) May lambing ewes were stratified by weight.

Key Words: Sheep, glycerin

131

Within stratification, ewes were randomly assigned to one
of five glycerin treatments (0, 50, 100, 200 or 300 g/hd).
Ewes all received the same amount of fluids (350 ml) by
drenching in yr 1 and stomach tubed in yrs 2 and 3. In year
3 an additional 16 ewes were individually supplemented
(SUP) with 0.57 kg of range cake (14% CP) for 21 days
prior to breeding. Ewes had ad-libitum access to dormant
range and fresh water.
Experimental Sampling Procedures. Ewes were
synchronized using a Controlled Internal Drug Releasing
(CIDR) devise and given 10 mg of PGF2α following CIDR
removal. Ewes were dosed with glycerin on day 1 of the
breeding season. Blood samples were collected from a
subset of ewes (5 ewes/treatment) at 0, 1, 2, 3, 4, 5, 7, and
10 h post-drenching via venipuncture of the jugular vein
into 10-ml evacuated tubes (Fisher Scientific, Pittsburgh,
PA). Blood samples were centrifuged at 3,000 x g for 15
min at 4°C and plasma was collected and stored at -20°C
until glucose and insulin analyses were performed. Plasma
samples for glucose were frozen in liquid nitrogen.
Circulating concentrations of glucose were determined by a
colorimetric assay (Stanbio Glucose LiquiColor). Intraand inter-assay coefficients of variation for glucose assays
were
8.4%
and 7.0%,
respectively.
Circulating
concentrations of insulin were determined by an Insulin
Coat-A-Count RIA (Siemans). All insulin samples were
run in one assay with an intra-assay coefficients of variation
being 1.4%. Eight rams (black-faced and Rambouillet rams,
year 1; Rambouillet rams in years 2 & 3) were placed with
ewes for 35 days.
Pregnancy was determined by
ultrasonography evaluation at 45 and 86 d post ram
exposure.
Statistical analysis. Each year was analyzed as a
separate experiment because of changes in the ewe flock
and number of treatments among years. Pregnancy status in
January or February and lambing rate response to level of
supplemental glycerin were analyzed in a randomized
complete block design using the MIXED procedure of SAS
(PROC MIXED, SAS Institute, Cary, NC). Ewes were
stratified into blocks by initial BW and randomly assigned
within each block to glycerin treatments. Block was
considered a random effect. Least squares means were
calculated and linear and quadratic polynomial contrasts
were constructed to evaluate the influence of increasing
levels of glycerin. For year 3, the model was executed
twice. The first execution was with only the glycerin
treatments (not including the positive control) and the
polynomial contrasts were included. The second execution
included the positive control treatment, and instead of
polynomial contrasts, protected LSD was used to pairwise
compare the positive control to each glycerin level.
Because the subset of ewes for plasma glucose and
insulin evaluation were chosen at random from the
experimental flock, these data were analyzed in a
completely randomized design with ewe considered the
experimental unit and designated as a random effect. The
treatment structure was a 5 glycerin level × 8 sampling time
factorial. Sampling time was considered a repeated
measure. Least squares means were calculated and linear
and quadratic polynomial contrasts were constructed for

treatment and time to evaluate the influence of increasing
levels of glycerin and the response over time. Year 3
responses were analyzed in 2 models as described above.
Results and Discussion
Number of lambs born per ewe exposed is reported in Table
1. Number of lambs born per ewe exposed and pregnancy
rates were not different (P ≥ 0.17) by glycerin treatment.
Butler et al. (2006) reported no difference in proportion of
first postpartum dominant follicles that became ovulatory in
Holstein cows given 500 ml of propylene glycol. Our
results are contrary to Knight et al. (1975) who reported an
increase of 30% in the number of twin ovulations when
ewes were supplemented with lupin grain. Gutierrez et al
(2007) reported an increase in the number of large follicles
with 50 ml of glycerol solution drenched. The lack of
improvement in pregnancy and number of lambs born
might be explained by the ewe’s good body condition score.
Smith et al. (1981) reported that protein intakes of around
200 g/day produced a maximum increase in ovulation rate
with no additional response to further increases in either
energy or protein intake. They indicated that this result
could be due to ewes in good body condition. The lower
pregnancy rates and number of lambs born per ewe exposed
in year 2 were likely the result of external environmental
factors not caused by the experimental treatments.
Circulating glucose and insulin concentrations for
all 3 years are reported in Table 2 and 3. A treatment x time
interaction (P < 0.01) for circulating glucose concentrations
was found in year 1; 50 g of glycerin had lower glucose
concentrations (181.70 mg/dl) compared to 0 g of glycerin
(213.93 mg/dl) and 200 g of glycerin (231.30 mg/dl) had
decreased concentrations compared to 100 g of glycerin
(250.34 mg/dl). A treatment x time interaction (P < 0.01)
for circulating glucose concentrations were found in year 1
because glucose concentrations rose to different levels at hr
1 in proportion to the dosage of glycerin. Circulating
glucose concentrations exhibited a quadratic time response
(P < 0.01, Table 3) with the highest concentrations at hr 1
(304.74 mg/dl) and concentrations returned to pre-glycerin
drenching by hr 7 (154.0 mg/dl). In yr 1, a treatment x time
interaction (P < 0.01) for circulating insulin (ng/ml)
concentrations was observed; 200 g of glycerin (0.43
ng/ml) had lower insulin concentrations compared to 100 g
of glycerin (0.62 ng/ml). A treatment x time interaction (P
< 0.01) for circulating insulin concentration were found in
yr 1 because insulin concentrations rose to different levels
at hr 1 in proportion to the dosage of glycerin. In yr 2,
insulin concentrations peaked at hr 4 (1.97 ng/ml) and
declined to hr 10 (0.88 ng/ml). Glucose concentrations were
greater (P < 0.05) for 200 and 300 g of glycerin than for 0,
50 and 100 g of glycerin. Glucose concentrations showed a
quadratic time response (P < 0.01) with concentrations
peaked at hr 2 than decreased. Circulating glucose
concentrations increased linearly in both yr 2 and 3, (P <
0.01; Table 2). Glucose concentrations had a quadratic
response to time (P < 0.01); glucose concentrations peaked
at hr 1 and return to pre-drenching levels by hr 7. In yr 3,
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insulin concentrations had a treatment by time interaction
(P < 0.05); insulin concentrations peaked at hr 2, and ewes
in the 50 and 100 g of glycerin treatment returned to predrenching levels by hr 7. However, concentrations of
insulin in ewes treated with 200 and 300 g of glycerin
peaked at hr 3 but did not turn to pre-dosage concentrations
by hr 10. Insulin concentrations (P < 0.01) increased with
increasing levels of glycerin.
The results of increased circulating glucose
concentrations would be expected with the administration
of glycerin. We expected a linear increase in concentrations
of glucose with increased levels of glycerin treatment;
however, the glucose increase did not reflect the level of
glycerin given. In yr 1, circulating glucose for the 200 g
treatment was lower compared to the 100 and 300 g
treatments. It would be expected that the 200 g of glycerin
would be decreased concentrations of glucose compared to
the 300 g of glycerin treatment. However, why
concentrations were decreased in 200 g of glycerin ewes
compared to 100 g of glycerin is unknown. In yr 2,
treatments containing 200 and 300 g of glycerin were not
different. According to Sano and Co-workers (1990)
infusion of glucose into sheep and reported a 3-fold
increase in blood glucose within 60 min and concentrations
peaked at 160 mg/dl. The greater concentrations of glucose
reported in this project could be due to the level of glucose
used, or by differences between drenching and infusing.
However, Sano and Co-workers (1990) reported similar
insulin concentrations as those reported in this study.
Grummer et al. (1994) reported a linear increase in
circulating blood glucose and insulin concentrations with
increasing levels of propylene glycol. They measured
circulating plasma glucose and serum insulin for 6 hrs postdrenching; an initial peak in both glucose and insulin was
followed by decreasing concentrations to pre-drenching
levels. Furthermore, Butler et al. (2006) reported higher
blood glucose and insulin concentrations with propylene
glycol (500 ml/dl) than the control Holstein cows.

Butler, S.T., S.H. Pelton, and W.R. Butler. 2006. Energy
balance, metabolic status, and the first postpartum
ovarian follicle wave in cows administrated propylene
glycol. J. Dairy Sci. 89:2938-2951.
Downing, J.A., J. Joss, P. Connell, and R.J. Scaramuzzi.
1995a. Ovulation rate and the concentrations of
onadotrophic and metabolic hormones in ewes fed
lupin grain. J. Reprod. Fertil. 103:137-145.
Downing, J.A., J. Joss, and R.J. Scaramuzzi. 1995b.
Ovulation rate and the concentrations of
gonadotrophins and metabolic hormones in ewes
infused with glucose during the late luteal phase of the
oesrous cycle. J. Endocrinol. 146:403-410.
Grummer, R.R., J.C. Winkler, S.J. Bertics, and V.A. Studer.
1994. Effect of propylene glycol dosage during feed
restriction on metabolites on blood of prepartum
Holstein heifers. J. Dairy Sci. 77:3618-3623.
Gutierrez, C., V. Martinez, A. Saharrea, L. Rangel, A.
Lassala, and H. Perez. 2007. Increased ovulation rate
after a single drench with glycerol solution at the time
of luteolysis in sheep. Society for the Study of
Reproduction. p. 57
Hulet, C.V., R.L. Blackwell, S.K. Ercanbrack, D.A. Price
and R.D. Humphrey. 1962. Effects of Feed and
Length of Flushing Period on Lamb Production in
Range Ewes. J. Anim. Sci. 21:505-510.
Knight, T.W., Oldham, CM. & Lindsay, D.R. 1975. Studies
in ovine infertility in agricultural regions in Western
Australia: the influence of a supplement of lupins
(Lupinus angustifolius cv Uniwhite) at joining on the
reproductive performance of ewes. Aust. J. Agrie.
Res. 26, 567-575.
Rizos, D., D.A. Kenny, W. Griffin, K.M. Quinn, P. Duffy,
F.J. Mulligan, J.F. Roche, M.P. Boland and P.
Lonergan. 2008. The effect of feeding propylene
glycol to dairy cows during the early postpartum
period on follicular dynamics and on metabolic
parameters related to fertility. Theriogenology 69:688699.
Sano, H., A. Takebayashi, Y. Kodama, K.Nakamura, H. Ito,
Y. Arino, T. Fujita, H. Takahashi and K. Ambo. 1999.
Effects of feed restriction and cold exposure on
glucose metabolism in response to feeding and insulin
in sheep. J. Anim. Sci. 77:2564-2573.
Smith, J.F., Jagusch, K.T. & Farquhar, P.A. 1981. Protein
intake and multiple ovulation in ewes. Proc. Aust.
Soc. Reprod. Biol. 13, 6, Abstr.
Torell, D.T., I.D. Hume and W.C. Weir. 1972. Effect of
Level of Protein and Energy during Flushing on
Lambing Performance of Range Ewes. J. Anim. Sci.
34:479-482.
Williams, S.A., H. Yaakub, D. O’Callaghan, M.P. Boland
and R.J. Scaramuzzi. 1997. Effect of energy intake
from diet or infusion of glucose on ovulation rate in
ewes. J. Reprod Fertil. Abst. Ser. 19:150 abstract.

Implications
The results of this trial do not support the use of
glycerin as a method to increase the number of lambs born
per ewe exposed. However, the incorporation of glycerin
into a flushing supplement might be of value with ewes in
poor body condition.
Future research is needed to
determine if a longer duration of glycerin supplementation
would be beneficial. Changes in blood metabolites indicate
that drenching ewes was able to increase circulating
concentrations of glucose and insulin. However these
changes were of short duration and did not appear to impact
reproductive performance of the ewes.
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Table 1. Effect of glycerin treatment on pregnancy rate and number of lambs born per ewe exposed
0
Number of lambs born/ewe exposed
Year 1
1.67
Year 2
0.67
Pregnancy Rate, %
January
Year 1
Year 2
Year 3

Glycerin Treatment (g/hd)
100
200

50

0.80
1.00
1.00

SUPa

300

P-valueb

1.66
0.73

1.76
0.57

1.47
0.43

1.72
.053

.8991
.7506

0.87
0.93
0.94

0.84
0.86
0.94

0.79
1.00
1.00

0.88
1.00
1.00

1.00

.9414
.2207
.5526

0.86
0.79
1.00

1.00
0.73
1.00

1.00

.0908
.1710
.5526

February
Year 1
1.00
1.00
1.00
Year 2
0.93
0.87
0.57
Year 3
0.94
0.94
1.00
a
SUP = Supplemented with 0.57 kg of range cake (14% CP)
b
P-value for F-tests of treatment effect.

Table 2. Effect of glycerin treatment on insulin and glucose concentrations
Glycerin Treatment (g/hd)
100
200

SUPa

Linear

Quadratic

.0018
.0033
<.0001

.3827
.7146
<.0001

.2989
.0007

.3808
.4362

Table 3. Effect of glycerin treatment on insulin and glucose concentrations by sampling time
Hours post glycerin administration
0
1
2
3
4
5
7
10

Linear

Quadratic

Glucose, mg/dl
Year 1b
144.04
Year 2
130.80
Year 3
137.90

<.0001
.0002
<.0001

<.0001
<.0001
<.0001

.4201
.6221

<.0001
<.0001

Glucose, mg/dl
Year 1c
Year 2
Year 3

0

50

213.93
170.92
135.80

181.70
175.20
176.44

250.34
194.06
163.12

231.30
222.68
175.12

265.99
214.61
195.63

161.44

0.43
1.30
1.32

Non-Est
1.35
2.05

1.26

Insulin, ng/ml
Year 1c
0.14
0.22
0.62
Year 2
0.76
1.43
1.27
Year 3d
0.52
1.04
0.99
a
SUP = Supplemented with 0.57 kg of range cake (14% CP)
b
P-value for t-tests of mean.
c
P-value for TRT x Time (P < 0.01).
d
P-value for TRT x Time (P < 0.05).

304.74
253.79
226.37

292.49
245.03
210.01

Insulin, ng/ml
Year 1b
0.14
Non-Est 0.47
Year 2
0.49
0.91
1.38
Year 3c
0.28
0.71
2.09
a
P-value for t-tests of mean.
b
P-value for TRT x Time (P < 0.01).
c
P-value for TRT x Time (P < 0.05).

300

291.63
232.53
187.69

277.65
213.17
169.22

246.14
187.93
151.77

154.04
158.81
137.13

118.48
148.31
133.68

0.94
1.76
1.89

0.86
1.97
1.69

0.94
1.51
1.22

0.53
0.87
0.86

0.14
0.88
0.75
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